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Abstract
Aim: To evaluate the influence of Metronidazole, Minocycline and Ciprofloxacin as a mixture or
individually and of chlorhexidine on the push-out bond strength and surface microhardness of
calcium silicate cements of differing particle size.
Methodology: 120 extracted adult human premolars were decoronated and 2 mm dentin slices
were prepared. Specimens were divided equally into the following groups: normal saline and
CHX, Metronidazole, Minocycline, Ciprofloxacin, and combination of Metronidazole, Minocycline
and Ciprofloxacin. The specimens were irrigated with solutions and filled with endodontic
cements. In the second part, the endodontic cements were mixed, placed in plastic tubes
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and then irrigated for 1 or 5 min. Push-out and surface microhardness values were calculated and
data were analyzed with three way ANOVA followed by Tukey’s post-hoc test.
Results: The normal saline and ciprofloxacin groups showed significantly higher and lower,
respectively, push-out bond strength among the experimental groups (p < 0.001 for all groups).
Nano type cement showed higher push-out bond strength and microhardness than regular one at
both time intervals. The mixture of antibiotics had significant effects on the push out and
microhardness of calcium silicate cement.
Conclusions: Nano particle MTA resisted more than the conventional MTA to the effect of the
irrigating solution and antibiotics in both hardness and push-out strength. Furthermore, the results
of microhardness were consistent with the push-out strength in most cases. The microhardness
test may be employed as a complimentary test to evaluate push-out strength of dental cements.
 2016 Societa` Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Riassunto
Obiettivo: valutare l’influenza dell’uso di metronidazolo, minociclina e Ciprofloxacina come
miscela di antibiotici o singolarmente e della clorexidina sulla forza di legame e la microdurezza
superficiale di cementi di silicato di calcio di diversa granulometria.
Metodologia: 120 premolari umani adulti estratti sono stati decoronati e sono state preparate
fette di dentina di 2 mm. I campioni sono stati divisi in parti uguali nei seguenti gruppi a seconda
della soluzione irrigante utilizzata: soluzione fisiologica e CHX, metronidazolo, minociclina,
ciprofloxacina, e una combinazione di Metronidazolo, minociclina e ciprofloxacina. I campioni
sono stati irrigati con una di queste soluzioni e riempiti di cemento endodontico e poi sottoposti a
test di push-out. Nella seconda parte, i cementi endodontici sono stati mescolati, messi in
provette di plastica e poi posti in contatto per 1 o 5 min con le diverse soluzioni prima di essere
testati per microdurezza superficiale. I valori push-out e microdurezza superficiale sono stati
calcolati e i dati sono stati analizzati con test ANOVA a tre vie seguito dal test post hoc di Tukey.
Risultati: I gruppi trattati con soluzione saline e con la ciprofloxacina hanno mostrato rispetti-
vamenteuna forza di legame significativamente piu` alta e piu` bassa tra i gruppi sperimentali
(p < 0.001). Il cemento di tip nanao ha mostrato una maggiore forza di legame al test push-out e
una maggiore microdurezza superficiale rispetto al cemento regolare nei due intervalli di tempo.
La miscela di antibiotici ha avuto effetti significativi sulla resistenza alla dislocazione e sulla
microdurezza superficiale dei cemento al silicato di calcio.
Conclusioni: Un MTA a nanoparticelle ha resistito amggiormente all’effetto nesativo delle
soluzioi irriganti e antibiotiche rispetto al MTA convenzionale sia per quanto riguarda la durezza
superficiale che la resistenza al push-out. Inoltre, i risultati di microdurezza superficiali sono
risultati correlati alla forza di legame nella maggior parte dei casi. Il test microdurezza puo`
essere impiegato come test complementare per valutare la forza al push-out dei cementi
endodontici.
 2016 Societa` Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publie´ en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-
nd/4.0/)
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Since the introduction of Mineral Trioxide Aggregate (MTA)
to the field of dentistry1 several variables, such as the
powder-to-water ratio,2 mixing technique,3 humidity and
setting time4, storage temperature5, and the pH value of
applied area6—8 have been shown to have an impact on
different properties of MTA. Likewise, post-setting factors
such as thermal fluctuation after cement application can
have significant impact on the structural and physical
properties of this material.9 In addition to environmental
variables, there are different materials that are used in
root canal procedures which can produce similar altera-
tions10 and may affect biologically root canal treatment
and regeneration.11,12
Chlorhexidine (CHX) is a cationic based antiseptic that is
active against a wide range of microorganisms includingaerobic and anaerobic gram-positive and negative bacteria,
viruses, molds and yeasts.13,14 The mutual effect of CHX and
MTA cement has been questioned from antibacterial and
cytotoxicity characteristics.10 When 0.12% CHX was mixed
with MTA cement, the antibacterial properties of CHX can be
beneficial for MTA; however, MTA can increase the cytotoxi-
city of CHX as a result.10
Antimicrobial agents are frequently employed within
root canals in form of liquids, pastes or solids. Investigations
have confirmed the use of combination of Metronidazole,
Minocycline and Ciprofloxacin for sterilization of root canal
systems and are now acceptable in clinical practice.14—16 An
in vitro study15 testing the antibacterial efficacy of these
drugs alone and in combination indicated that these drugs
individually could not completely eliminate bacterial con-
tamination, however the mixture of these antibiotic was
able to consistently sterilize all samples. Published studies
Figure 1 Tube used to determine surface hardness of experi-
mental materials.
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microorganisms in vitro.14
Nano WMTA is a nano version of WMTA,17 which in addition
to having the nano particle size powder it has different
additives to accelerate and amplify its hydration pro-
cess.18,19 Apart from some advantages of Nano WMTA, such
as lower setting time and higher compressive and push-out
strength in comparison with WMTA,9,18,19 studies have inves-
tigated the changes in the physical properties of this cement
in different settings.3,9 Investigations have shown that simi-
lar to WMTA, alterations in setting condition can reduce the
physical properties of Nano WMTA. However, Nano WMTA
withstands these changes better than WMTA.3,9
The present study evaluated the effect of disinfectant and
antibiotic materials such as CHX gel, Metronidazole, Minocy-
cline, Ciprofloxacin and their combination on the push-out
bond strength and micro-hardness of WMTA and Nano WMTA
to the dentinal surface. The hypothesis tested was that the
use of these agents as a canal irrigating material or intra-
canal medication, will affect the push-out bond strength and
the surface micro-hardness of the cements, which could be
deleterious to the desired sealing ability of the MTA materi-
als.
Materials and methods
Antibiotic mixture preparation
Based on a previous study,15 Metronidazole, Minocycline
hydrochloride and Ciprofloxacin (all antibiotics purchased
from Sigma—Aldrich, St. Louis, MO) were mixed under aseptic
conditions and UV light using a spatula to prepare a mixture
with proportions of 1:5:1, respectively, to yield 8.3 g, which
was then mixed with a mortar and pestle to create a powder.
The powder was added to 50 mL milli Q water and vortexed
for 5 min to make a solution.
Push-out bond strength
This study was divided into two parts, the first part being
similar to Saghiri et al.19 Briefly, 120 extracted single-rooted
human teeth were selected and sectioned horizontally using
a low-speed Isomet diamond saw (Buehler, Lake Bluff, IL,
USA) at the mid-root portion to prepare 2 mm thick dentin
slices. The canal spaces were instrumented by using #2
through #5 Gates-Glidden burs (Mani, Tochigi, Japan) to form
1.3 mm diameter standardized spaces. Subsequently, debris
and smear layer removal was done by immersion in 17% EDTA,
then in 5.25% NaOCl for one minute in each. The specimens
were divided into the following groups: Normal Saline, CHX
(12 specimens irrigated for 1 min and randomly filled with
WMTA or Nano WMTA), Metronidazole, Minocycline, Cipro-
floxacin, and the combination of the antibiotics (12 speci-
mens irrigated for 1 min randomly divided into two groups
and filled with WMTA or Nano WMTA and 12 specimens
irrigated for 5 min and similarly prepared).
Dentin slices were irrigated with distilled water, dried and
irrigated with 3 mL of normal saline, CHX, Metronidazole,
Minocycline, Ciprofloxacin, and the combination of the anti-
biotics for 1 or 5 min. After irrigation, the canals were filled
with WMTA (Angelus Dental Industry Products, Londrina,Brazil) or Nano WMTA (Kamal Asgar Research Centre).
Cements were mixed according to the manufacturers’
instruction and transferred into the canal spaces using a
manual MTA carrier and packed using a hand compactor. A
piece of gauze soaked in synthetic tissue fluid, prepared from
1.7 g of KH2 PO4, 11.8 g of Na2HPO4, 80.0 g of NaCl, and 2.0 g
of KCl in 1 L of H2O (pH 7.4), was placed on each sample and
all dentin slices were incubated at 37 8C with 98% humidity
for 3 days. The gauze was changed every 6 h to preserve the
stability of the setting condition for the cement.
The push-out bond strength was evaluated using Universal
testing machine (Sintech MTS, Eden Prairie, MN, USA). Sam-
ples were fixed on a metal slab with a central hole. A stainless
steel plunger with 1 mm diameter was used to apply the
downward compressive load with crosshead speed of 1 mm/
min on the cement materials.
Vickers hardness test
The second part of the study was similar to Saghiri et al.20
Briefly, 120 plastic tubes were divided into experimental
groups same as the first part of the study. Subsequently, WMTA
and Nano WMTA cements were mixed and packed by using a
hand compactor into the plastic tubes as is shown in Fig. 1.
Five minutes after packing the surface of the cements were
exposed to one droplet of the following material: normal
saline, CHX, Metronidazole, Minocycline, Ciprofloxacin, and
the combination of the antibiotics. The droplets were cleaned
1 min or 5 min after exposure and the specimens were incu-
bated for 24 h. The specimens were then ground as reported
by Saghiri et al.20 and prepared for Vickers hardness test.
Type of failure
Specimens used to test the 1 min time interval push-out bond
strength were also evaluated to determine the type of bond
92 M.A. Saghiri et al.failure. Samples were analyzed with a digital camera
attached to a stereomicroscope (Olympus, SZM9) at 16
magnification. The type of bond failure was determined by
the area of cement remaining on the surface of canal dentin
and then categorized as adhesive, mixed or cohesive. Bond
failure analysis was performed by a single observer who was
blind to the experimental groups.
Statistical analysis
Data showed normal distribution using a Kolmogorov—Smir-
nov test. To assess the impact of materials, antibiotics
and time on the dependent variables push-out strengthFigure 2 Mean  SD of (A) Push-out Strength and (B) Vickers Ha
Adhesive failure: less than 25% cement remnant on dentinal surface
dentinal surface cohesive failure: More than 75% cement remnant oand hardness and their interactions three-way ANOVA fol-
lowed by Tukey’s post hoc was performed.
Results
Push-out strength
Mean  SD of the data is presented in Fig. 2A. The Materi-
al  Antibiotic  Time three-way interaction was not found
to be statistically significant, (F = 0.70, p = 0.554). Neither
the Material  Antibiotic, Material  Time, Antibio-
tic  Time interactions were found to be statistically signifi-
cant ([F = 0.564, p = 0.728], [F = 0.056, p = 0.813],rdness Number. (C) Failure mode in dentin—cement interface.
. Mixed adhesive/cohesive failure: 25—75% cement remnant on
n dentinal surface. Left. WMTA, Right. Nano WMTA.
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main effect was found for all factors (Material [F = 463.533,
p < 0.001], Antibiotic [F = 25.325, p < 0.001], Time
[F = 79.264, p < 0.001]). Simple main effects analyses, fol-
lowed by post-hocs, were performed on the independent
factors. For instance, the normal saline group showed sta-
tistically significant higher push-out strength compared to
the other experimental groups (p < 0.001 for all groups), and
ciprofloxacin showed significantly lower push-out strength
among other groups (p < 0.001 for all groups). Nano WMTA
showed significantly higher push-out strength than WMTA.
Vickers hardness test
Mean  SD of the data is presented in Fig. 2B. The Materi-
al  Antibiotic  Time three-way interaction was not found
to be statistically significant (F = 2.424, p = 0.070). Of the
two-way interaction terms tested, the Antibiotic  Time was
found to be statistically significant (F = 8.184, p < 0.001). In
1-min interval, the CHX and Ciprofloxacin groups showed
significantly lower hardness compared to the other groups
(p < 0.001, p = 0.006, p < 0.001 and p = 0.006 for normal
saline, Minocycline, Metronidazole and antibiotic mixture
respectively). Furthermore, in the 5-min time interval, cipro-
floxacin also showed significantly lower hardness (p < 0.001).
Statistically significant main effect was found for all factors
(Material [F = 1296.127, p < 0.001], Antibiotic [F = 27.212,
p < 0.001], Time [F = 23.457, p < 0.001]). Nano WMTA
showed significantly higher hardness than WMTA in both time
intervals.
Type of failure
The stereo microscope observations characterized the modes
of bond failure of the experimental groups. The results are
presented in Fig. 2C and D.
Discussion
The use of antibiotics has been widely accepted in endodon-
tics. Despite some advance in this area, the effect of anti-
biotics on the physical properties of root end filling materials
need future evaluation. The present study is an attempt to
evaluate the influence of different antibiotics, including
Ciprofloxacin, Metronidazole and Minocycline, on the physi-
cal properties of a well-known root end filling material
WMTA.
Several studies have evaluated the physicochemical
changes of these cements in different situations or against
environmental variables.3—9,21,22 The push-out test is closely
related to the sealing characteristics of calcium silicate
based cements.21 Parameters such as pin diameter, specimen
thickness, and the elastic modulus of tested material may
affect the bond strength values.23 Therefore, the dentin
slices were 2 mm in thickness,23 and the plunger used for
applying the forces in push-out test was 1 mm in diameter
that was also chosen to be 0.85 times smaller than the tested
materials.23 The push-out test methodology, samples pre-
paration, and the concentrations of antibiotic mixture were
selected as previously reported.4,7,19,24 Moreover, because2% CHX is an effective solution for disinfecting the root canal
system,25—27 this irrigating solution was also used here.
Our results indicated that the samples which were
exposed to CHX showed significantly lower push-out strength
values in 1 min time interval compared with other experi-
mental groups except Ciprofloxacin. In addition, Ciproflox-
acin showed significantly lower push-out bond strength
values in both time intervals. These results were not con-
sistent with previous studies, that indicated 2% CHX did not
impact the push-out bond strength of MTA-dentin significan-
tly.27,28 This difference might be explained by the methodol-
ogy used by these authors, as they noted a decrease in bond
strength values of MTA-dentin in samples exposed to 2% CHX
and 5.25% NaOCl. Furthermore, in other previous studies the
effect of 0.12% CHX was tested on the antimicrobial activity
of MTA cement.10,29 Although 0.12% CHX can enhance the
antimicrobial activity of MTA cement, the cytotoxicity of CHX
was increased10 and CHX produced some alterations on the
dentinal surface.29 These structural changes produced by
CHX seem to be an important factor in decreasing the
push-out bond strength value of tested calcium silicate-
based cements.
The comparison between WMTA and Nano WTMA experi-
mental groups showed that the push-out values in Nano WMTA
subgroups were remarkably higher than WMTA samples.
These outcomes were consistent with previous studies’
results9,19 where Nano WMTA showed higher dislodgement
force in different tested environments than WMTA. This can
be explained by the nano structure of this cement which
provides more surface area for reaction between the powder
particles and the liquid.9,19 In addition, the additives of Nano
WMTA such as zeolite, tricalcium aluminate, strontium car-
bonate and calcium sulfate can provide better distribution
for powder particles and act as stabilizing agents in different
situations.9,19
The results of the current study indicated that Nano WMTA
has higher hardness than WMTA which was consistent with
previous studies.17,18 Statistical analysis of data revealed
that CHX and Ciprofloxacin showed significantly lower hard-
ness compared with other groups. As other authors pointed
out, this may contribute to significant interaction between
the cements and the environments where the cements hard-
ened.20,30 According to the present results, the Ciprofloxacin
group showed the lowest pH value (pH 3.4) compared with
Normal Saline, CHX, Minocycline, Metronidazole and the
antibiotic mixture, which results in lower hardness (pH
6.5, 7.5, 4.5, 6.5 and 5.8 respectively). Therefore, the
results of the current study illustrated that pH influenced
hardness of calcium silicate based cements as other research-
ers have stated.31
It could be inferred from the results, that Nano WMTA with
antibiotics mixture showed higher push-out bond strength
than WMTA with Normal Saline. Indeed, if using CHX, anti-
biotics or their mixture is recommended clinically, Nano
WMTA with antibiotic mixture could be used instead of the
commercial WMTA while having higher push-out bond
strength and hardness. This could be due to the nano sizing
effect and increasing the surface area of the nano powder.
The evaluation of types of bond failure was consistent
with the push-out strength values of WMTA and Nano
WMTA groups. In Nano WMTA samples the cohesive type of
failure was more than WMTA specimen. This difference can
94 M.A. Saghiri et al.be explained by the higher dislodgement force of Nano WMTA
samples that showed more resistance against the forces
during push-out test. This finding is attributed to the better
interlocking of Nano WMTA cement inside the dentinal struc-
ture3,19 and can lead to cohesive type of failure, which is
obviously seen through the Nano WMTA cement remnant on
the surface of root canal dentin.
Conclusions
 Antibiotic solutions had significant influence on push-out
bond strength and surface microhardness of calcium sili-
cate cements.
 Nano particles resisted more than regular cement to irri-
gating solution and antibiotics in both terms of surface
hardness and push-out bond strength.
 In most groups, surface microhardness was consistent with
push-out results. Consequently, the microhardness test
could be a complimentary test for the evaluation of
push-out bond strength of dental cement.
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